In transmission electron microscopy (TEM), elastic scattering plays a pivotal role in understanding the experimental data. Whether it is high-resolution transmission electron microscopy (HRTEM), site-specific methods such as atom location by channelling enhanced microanalysis (ALCHEMI) and energy-loss by channelled electrons (ELCE), or interferometry experiments, the strong (elastic) Coulomb interaction between the fast probe electron and the sample lattice has a decisive factor.
Recently, electron probes carrying orbital angular momentum (OAM) were first manufactured [1, 2] . Similar to optical vortices [3] , they bear great potential, e.g., for investigating the magnetic structure of materials, for manipulating objects on the nanoscale, or even for directly observing electronic transitions in matter.
For these electron vortex beams -as they were called -to live up to expectations, however, a solid understanding of their propagation is essential. In the TEM, they essentially go through three stages of propagation. In the first and third stage, they have to travel through free space to/from the sample. Here, the effect of apertures, lenses, and aberrations is essential [4] . All of them change the radial intensity distribution, although the azimuthal phase characteristic of vortex beams is preserved.
As the vortex beam enters the sample, however, it is subject to the periodic lattice which is incompatible with the cylindrical vortex structure. Consequently, elastic scattering alters the wave front dramatically ( fig. 1 ). Similar to probes in scanning TEM (STEM) [5] , the initially well-defined beam starts to channel along the atomic columns, but in the case of vortices with unique phase distributions [6] .
With the changing phase structure of the probe inside the sample, there automatically comes a change of OAM. Initially, the vortex is an eigenstate of the L z operator describing the OAM. However, that operator does not commute with the Hamiltonian of the crystal. Hence, quantum physics dictates that the vortex must evolve from a state with a single, well-defined OAM into a (coherent) superposition of states with different OAM -the angular momentum itself is no longer a good quantum number. Instead, only an expectation value can be given, which varies strongly with the position of the vortex ( fig. 2) .
Therefore the assumption that sending a vortex probe into a sample means that the same vortex probe reaches the atoms at a depth z unperturbed is simply wrong. Instead, a thorough understanding of the effects of dynamical diffraction of vortex beams in crystals is of paramount importance for the design and interpretation of any experiment with such a probe. fig. 1 .
